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Results and Discussion
The peculiar bonding situation o f nitrogen in many element-nitrogen com pounds calls for the application o f appropriate physical methods. Among these, nitrogen N M R is expected to be a powerful tool. In spite o f the low natural abun dance o f l5N (0.37%), 15N N M R is more attractive than l4N N M R (14N, I = 1), mainly because of the more favourable magnetic properties o f 15N nuclei (I = 1/2). M easurements o f 15N N M R param eters at natural abundance are now feasible in many cases, if the techniques available [1, 2] are fully ex ploited. In this context, the binuclear hexacarbonyl diiron complexes 1 present a challenge for test ing such techniques by searching for the first ex amples of coupling constants './(57F e15N), meas ured at natural abundance of the isotopes. So far, ,y(57Fe15N) values have been reported solely for porphyrin complexes enriched both in 15N (95.7%) and 57Fe (91%) [3] . The complexes 1 are available from the reaction between Fe3(C O )12 and sulfur diimides (Scheme la) [4, 5] ; chrom atography o f lc leads to la (Scheme lb) [5] , C om pound la can be converted into the sodium derivative If which gives Id upon reaction with the corresponding chlorosilane (Scheme lc, d). The following techniques were applied to meas ure l5N N M R parameters: (i) Direct l5N N M R measurement w ithout 'H decoupling (lc); (ii) IN EPT [6] and refocused IN EPT [7] with 'H decou pling, based on coupling constants '/(^N 'H ) (la) and V (I5N 'H ) (lb, lc, ld, le); (iii) inverse two-di mensional (2D ) 'H { 15N} experiments [8] (1 a); (iv) 'H N M R using the perfect Hahn spin echo pulse sequence [9] (la). Conditions close to those de scribed for ultra-high resolution N M R [10] were observed for all direct 15N N M R measurements. Furtherm ore, 13C, 14N, 170 , 29Si, and 119Sn NM R spectra were recorded (Table I ).
15N N M R spectra
In the case of the parent compound Fe2(CO)6(HNS) (la), the 'H decoupled ,5N N M R spectrum (see Fig. 1 ) shows the 57Fe satellites for ,/ ( 57F el5N) = 6.1 Hz. The correct intensities of the 57Fe satellites (ca. 2.1% each) can be judged by com parison with the signal of the 34S-isotopomer (4.2%>) which is shifted by 0.036 ppm to lower fre quencies with respect to that o f the 32S-isotopomer. Both the coupling constant '/ ( 57F e15N) and the isotope-induced shift lJ 34/'32S on the 15N reso nance [11] are reported for the first time. Although the m agnitude o f | '/ ( 57F e15N )| is small (as expect ed, considering the low values for the magnetogyric ratios y(57Fe) and y(15N)), the satellites can be readi ly detected if sharp ,5N resonances are observed. In contrast to la, the 57Fe satellites for '/ ( 57F e15N) (6.0±0.5 Hz) in lb are partially hidden in the base of the central signal. The greater line width of the 15N N M R signal o f lb is indicative of a significant tem perature dependence of the 15N resonance which could not be compensated as yet. In the cases o f lc, ld and le, we failed to find conditions for polarization transfer based on V (15N 'H ). This can be explained by either assuming rapid (as com pared to the N M R time scale) exchange of the Me3Si, Me-ZBuSi and Me3Sn group in lc, Id and le, respectively, or (less likely [12] ) V (15N 'H ) val ues in these com pounds accidentally close to zero. In the case of lc, the l5N N M R spectrum, recorded directly without 'H decoupling, shows a single sharp line. There were no significant changes in 'H and 29Si N M R spectra of lc at low tem perature (to -5 0 C); the 14N N M R spectrum of Id and le indi cates that the nitrogen magnetic shielding in Id and le is similar to that in lc.
1H N M R spectra
Com pound la is a suitable candidate for the ap plication o f various N M R techniques which ex ploit the sensitivity o f 'H N M R experiments in o r der to obtain N M R param eters for insensitive nuclei such as 15N . The inverse 2 D 1H {15N } experi ment [8] is readily performed. However, the resolu tion achieved in the F,-dim ension (15N) was far from sufficient [13] for observing 57Fe satellites. Similarly, no coupling 2/ ( 57Fe'H ) was resolved in the F 2-dimension ('H ). The coupling constant 'y(15N 'H) = 89.5 Hz ( vide infra) is obtained from these inverse experiments. Indeed, the sample of la itself can be used for calibration of the 15N radio frequency field strength, using the H ahn spin echo version of the appropriate pulse sequence [14] . Since spin-spin relaxation times [T2('H)] for the pair ' H -I4N are much shorter than for ' H -I5N and no other 'H N M R signals are present (except those due to the partially deuterated solvent), Hahn spin echo pulse sequences provide the most simple way to suppress the central 'H N M R signal of the 14N -isotopom er (Fig. 2) .
l3C, 14N, 17O, 29Si and ll9Sn N M R spectra
The l3C, 14N, 170 and ll9Sn N M R spectra were obtained by routine methods. 29Si N M R spectra were recorded between +25 to -5 0 °C by the refo cused INEPT technique with 'H decoupling. The ll9Sn N M R signal of le was rather broad at room temperature. The broadening of the 119Sn reso nance must be ascribed to exchange processes. Scalar relaxation of the second kind (partially re laxed 1 l9S n -l4N coupling) can be excluded because of the fast 14N quadrupolar relaxation rate which is evident from the line width o f the l4N resonance (z/v1/2 = 700 Hz). Nevertheless, a H ahn spin echo extended INEPT experiment [15] was carried out, in order to suppress the central ll9Sn resonance and to detect the resonances due to the ll9S n -l5N isotopomer. However, no 15N satellites were ob served which is consistent with rapid intermolecular exchange of the M e3Sn group. Since the linewidths of the l4N resonances o f all com pounds 1 are in the same order o f magnitude, long-lived intermolecular associates o f lc, Id or le must be ab sent.
Chemical shifts and coupling constants ( Table I) All <513C [16] and <5170 values [17] o f the com pounds 1 are found in the expected ranges. The <5I5N values fall in the range typical o f amines and am m onium ions. The decrease in 15N nuclear shielding in the series la > lc ~ Id ~ le lb fol lows the trend observed for amines or ammonium ions [1] , although the shift difference for l a / l b (zl15N = 100) is about twice the am ount of that for the pair [NH4]+/[/B uN H 3]+. The 29Si and 119Sn N M R signals of l c , Id and l e , respectively, are found at rather low field. Similar shifts to low field are known if a silyl [18] or stannyl group [19] is linked to an ammonium-type nitrogen atom.
The coupling constant | '/ ( 119Sn13C)| (375.4 Hz) for l e is characteristic of this type of environment of the tin atom [20] . The fairly large coupling con stant | '/ ( 15N 'H )| for la (89.5 Hz) (see the compila tion of '/(^N 'H ) data in reference [1] ) indicates that rehybridization at the nitrogen atom must have occurred, directing more p electron density towards sulfur and/or the Fe2(CO)6 moiety and leaving an increased s electron density in the N -H bond. This is also evident from the magnitude of 1 V (I5N 'H )| in lb (4.5 ± 0.3 Hz, measured 
Experim ental
N M R spectra have been recorded using Bruker AC 300 and Bruker AM 500 N M R spectrometers (see also [21] and the sulfimides la [5] , lb [4] and l c [5] were prepared according to literature procedures. The new com pound l e was obtained by the same method, whereas the sodium deriva 2032 (vs), 1999 (vs), 1988 (vs), 1977 (m), 1947 (w) .
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